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(54) Vehicular brake system 

(57) When a vacuum booster (1) fails, an pressure 
amplifying mechanism (36 to 39, 43, 44) increases a 
wheel brake pressure. After that, even when it is detect- 
ed that the vehicle is brought into a stopped state, the 
state in which an increased brake fluid pressure is ap- 
plied to wheel cylinders (21 to 24) is held. If a condition 
for terminating control to maintain a stationary state of 
the vehicle is satisfied, that is, if a predetermined time 
period has elapsed since when the vehicle stops, the 
operation of the pressure amplifying mechanism (36 to 
39, 43, 44) is stopped to reduce the wheel cylinder pres- 
sure. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is based upon and claims the s 
benefit of priority of Japanese Patent Applications No. 

H. 8-350807 filed on December 27, 1996 and No. H. 
9-146845 filed on June 4, 1997, the contents of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

I . Field of the Invention 

[0002] The present invention relates to a vehicular 
brake system in which a boosting effect of a brake boost- 
er for assisting a brake pedal depressing operation to 
enhance a braking performance is compensated when 
the brake booster has failed. 

2. Related Art 

[0003] Conventionally, a brake booster for boosting a 
brake pedal depressing force (for implementing a so- 
called brake assist operation) is mounted in a vehicle in 
order to reduce a driver's load to depress the brake ped- 
al. 

[0004] As a brake booster of this type, there has been 
known a vacuum booster for boosting the brake pedal 
depressing force. The vacuum booster applies a boost- 
ed large force to a master cylinder by using the differ- 
ence between a negative pressure of an intake side of 
an engine for example and an atmospheric pressure. 
Because the vacuum booster cannot exhibit a desired 
boosting effect when it fails, there has been discussed 
lately control for determining whether or not the vacuum 
booster fails and for executing another brake assist op- 
eration for increasing brake fluid pressure by driving a 
pump and others to enhance a braking force when the 
vacuum booster is determined to fail. 
[0005] However, in the above-mentioned technology 
in which the vacuum booster and another brake assist 
device are used together, there has been a possibility 
that the vehicle starts to move by its gravity when the 
vacuum booster has failed and the vehicle is stopped 
on a steep slope for example. The reason is that, when 
the brake assist operation for increasing the brake fluid 
pressure by driving the pump and the like is finished in 
response to the vehicle stopping, the braking force due 
to another brake assist device becomes small rapidly, 
and because the vacuum booster fails, a driver cannot 
depress the brake pedal sufficiently to generate braking 
force for keeping the vehicle resting on the slope. 
[0006] Accordingly, it is an advantage of the present 
invention to solve the above-mentioned problem by pro- 
viding a vehicular brake system which can perform fa- 
vorable brake control at the time of the vehicle stopping 
by use of another brake assist device when the boosting 



effect of the brake booster cannot be fully exhibited. 
[0007] There has been also studied a so-called pres- 
sure amplifying assist brake (PAB) for increasing the 
wheel cylinder pressure by use of a plurality of cut-off 
valves and a pump even when the vacuum booster has 
failed. In detail, the wheel cylinder is increased by cut- 
ting off a flow path from a master cylinder to the wheel 
cylinder by a master cut-off valve (SMC valve), by open- 
ing a flow path from the master cylinder to an intake side 
of a pump by a cut-off valve (SRC valve) and by driving 
the pump in this state. 

[0008] The magnitude of the pressure increased by 
the PAB is controlled by the opened/closed state of the 
SMC valve and the SRC valve or by the driving state of 
the pump. When the pressure increase is controlled by 
the opened/closed state of the SMC valve, or more con- 
cretely, when the SMC valve is turned OFF (when the 
flow path is opened) for example, there is a case where 
pulsations of brake fluid pressure occur 
[0009] When it is detected by the fluid pressure sen- 
sor that the fluid pressure has been increased (due to 
the increase of pressure caused by the instantaneous 
pulsation, not due to the normal increase of pressure) 
for example, the SMC valve, the SRC valve, the pump 
and others are driven wastef ully to reduce the fluid pres- 
sure to an adequate level. That is, there has been a 
problem that when the pulsations of the fluid pressure 
occur, inadequate control for decreasing and increasing 
the fluid pressure is carried out. 
[001 0] Accordingly, it is an object of the present inven- 
tion to provide a vehicular brake system which can con- 
trol the increase/decrease of the brake fluid pressure 
adequately even when the pulsations of the fluid pres- 
sure occur. 

SUMMARY OF THE INVENTION 

[0011] In the present invention, a brake fluid pressure 
generating device generates a first brake fluid pressure 
due to the boosting effect of a brake booster for boosting 
a driver's brake pedal depressing force when the driver 
steps on a brake pedal. A wheel braking force generat- 
ing device generates a wheel braking force by receiving 
the first brake fluid pressure via a conduit. Then, when 
a first detecting device detects a failure or a deterioration 
of function of the brake booster, a pressure increasing 
device increases the brake fluid pressure applied to the 
wheel braking force generating device to a second 
brake fluid pressure which is higher than the first brake 
fluid pressure. Further, when a second detecting device 
detects that the vehicle is stopped (after operation of the 
pressure increasing device), a holding device holds the 
brake fluid pressure applied to the wheel braking force 
generating device to be higher than the first brake fluid 
pressure until when a predetermined releasing condi- 
tion is satisfied. 

[0012] That is, there is a possibility that the braking 
force is insufficient especially when an external force 
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which might move the vehicle of a stationary state is ap- 
plied to the vehicle (one example of the external force 
is gravity acting to the vehicle on a slope) rf the operation 
of the increasing device is finished in response to the 
vehicle stopping after the increasing device increased 
the brake fluid pressure so as to compensate the failure 
or the function deterioration of the brake booster. How- 
ever, in the present invention, the operation of the in- 
creasing device is not stopped until the predetermined 
releasing condition (i.e. the condition for stopping the 
operation of the increasing device) in which the vehicle 
can keep its stationary state is satisfied. In other words, 
the operation of the increasing device is not finished pro- 
vided that the vehicle stops. Therefore, because the 
enough braking force is assured even when the vehicle 
stops on a slope for example when the brake booster is 
failed or its function is deteriorated. As a result, the ve- 
hicle will not start to move by gravity acting thereto and 
safety can be enhanced. 

[001 3] It should be noted that the brake fluid pressure 
held by the holding device may be a pressure of a de- 
gree which, at least, can stop the vehicle on a slope and, 
for example, the second brake fluid pressure may be 
reduced more or less as the brake fluid pressure held 
by the holding device. 

[001 4] Also, the brake fluid pressure held by the hold- 
ing device may be equal to the second brake fluid pres- 
sure created by the pressure increasing device. That is, 
while the brake fluid pressure held by the holding device 
may be a pressure which can at least keep the vehicle 
in a stationary state when it stops on a slope for exam- 
ple, it is preferable for the holding device to hold high 
brake fluid pressure such as the second brake fluid pres- 
sure which is established during brake control because 
the ability for stopping the vehicle is enhanced. 
[0015] Preferably, the holding device holds the high 
brake fluid pressure applied to the wheel braking force 
generating device for a predetermined time period since 
when the second detecting device detects that the ve- 
hicle is in a stationary state. That is, because it is con- 
sidered that any operation for keeping the vehicle in the 
stationary state is normally made (e.g. by manipulating 
a parking brake lever) when the predetermined time pe- 
riod elapses since when the vehicle has stopped, the 
high brake fluid pressure applied to the wheel braking 
force generating device is held for the predetermined 
time period. Thereby, the vehicle will not start to move 
due to the external force (gravity) acting thereto even if 
it stops on a slope. 

[0016] The holding device may hold the high brake flu- 
id pressure applied to the wheel braking force generat- 
ing device until when an accelerator pedal is depressed 
to cause the vehicle to start since when the second de- 
tecting device detects that the vehicle has stopped. That 
is, because a force for starting the vehicle is generated 
when the accelerator pedal is depressed, there is no 
problem even if the brake fluid pressure is reduced at 
that time. Further, the brake fluid pressure needs to be 



reduced in order to start the vehicle smoothly. There- 
fore, the high wheel cylinder pressure is held since when 
the vehicle has stopped state until when the accelerator 
pedal is depressed, which is a period during which the 
5 stationary state of the vehicle needs to be maintained. 
Thereby, the vehicle will not start to move due to the 
external force (gravity) acting thereto even if it stops on 
a slope. 

[0017] The holding device may hold the high brake flu- 
10 id pressure applied to the wheel braking force generat- 
ing device until when the driver returns the brake pedal 
since when the second detecting device detects that the 
vehicle has stopped. That is, because a period from 
when the vehicle has stopped till when the brake pedal 
is is returned is considered to be a period during which the 
driver wants to maintain the stationary state of the vehi- 
cle, the high brake fluid pressure applied to the wheel 
braking force generating device is held during such a 
period. Thereby, the vehicle will not start to move due 
20 to the external force (gravity) acting thereto even if it 
stops on a slope. It should be noted that the brake pedal 
is returned at a vehicle starting time or a vehicle parking 
time when the parking brake is manipulated, for exam- 
ple. 

25 [001 8] The holding device may hold the high brake flu- 
id pressure applied to the wheel braking force generat- 
ing device until when the driver operates the parking 
brake since when the second detecting device detects 
that the vehicle has stopped. That is, because a period 

30 from when the vehicle has stopped till when the parking 
brake is operated is considered to be a period during 
which the driver wants to maintain the stationary state 
of the vehicle, the high wheel cylinder pressure applied 
to the wheel braking force generating device is held dur- 

35 jng such a period. Thereby, the vehicle will not start to 
move due to the external force (gravity) acting thereto 
even if it stops on a slope. 

[001 9] When the vehicle is provided with an automatic 
transmission, the holding device may holds the high 

40 brake fluid pressure applied to the wheel braking force 
generating device until when the driver sets a shift lever 
at the position for parking since when the second de- 
tecting device detects that the vehicle has stopped. That 
is, because a period from when the vehicle has stopped 

45 till when the shift lever is set at the position for parking 
(normally indicated by m P m ) is considered to be a period 
during which the driver wants to maintain the stationary 
state of the vehicle, the high wheel cylinder pressure ap- 
plied to the wheel braking force generating device is 

50 held during such a period. Thereby the vehicle will not 
start to move due to the external force (gravity) acting 
thereto even if it stops on a slope. 
[0020] To achieve the above-described object, in the 
present invention, when a driver operates a brake con- 

55 trol member (e.g. a brake pedal) in braking a vehicle, a 
brake fluid pressure generating device (e.g. a master 
cylinder) generates a brake fluid pressure in response 
to the operated state of the brake control member. The 
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brake fluid pressure generated by the brake fluid pres- 
sure generating device is transmitted to a wheel braking 
force generating device (e.g. a wheel cylinder) via a 
main conduit to generate a wheel braking force. Further, 
a wheel slippage control device controls slippage of the 
wheel. A brake assist control device generates a brake 
fluid pressure which can exhibit a wheel braking force 
greater than the wheel braking force corresponding to 
the operating state of the brake control member and 
controlling brake fluid pressure applied to the wheel 
braking force generating device by use of the brake fluid 
pressure generated. A first filter in which the variation 
of individual data is reflected in the resultant filtered val- 
ue to some extent carries out filter-processing with re- 
spect to a predetermined data signal for performing 
wheel slippage control. A second filter in which the var- 
iation of individual data is less reflected in the resultant 
filtered value than the first filter carries out filter-process- 
ing with respect to a predetermined data signal for per- 
forming brake assist control. 

[0021] For instance, if a filter with respect to the data 
signal for performing wheel slippage control such as an- 
ti-skid control (ABS control) is one which greatly 
smoothens the variations of individual data of the data 
signal, a data signal (e.g. a body deceleration) which is 
largely different from the actually-detected data signal 
may be outputted as a resultant filtered value by passing 
through the filter because the filter has a property in 
which the raw value of the data signal is not picked up. 
Therefore, wheel slippage control cannot be executed 
quickly and accurately in correspondence to the condi- 
tion of the road surface or the wheel slippage state which 
changes time by time when the resultant filtered value 
is used therefor Accordingly, it is desirable to use the 
first filter in which the variations of individual data is re- 
flected in the resultant filtered value to some extent in 
order to make use of the data signal which is close to 
the raw value thereof and is accurate as much as pos- 
sible when the wheel slippage state is controlled. 
[0022] However, a driver may feel a sense that some- 
thing is wrong when brake assist control is started or 
executed in response to the instantaneous fluctuation 
of the data signal, because the driver expects that the 
wheel braking force is stably generated during brake as- 
sist control. Therefore, it is desirable to use the second 
filter in which the variation of individual data is less re- 
flected in the resultant filtered value than the first filter 
in brake assist control, to smoothen the filtered value as 
much as possible. 

[0023] According to the present invention, the first fil- 
ter is used for the predetermined data signal utilized for 
performing wheel slippage control so that quick and cor- 
rect control may be executed by increasing/reducing the 
brake fluid pressure quickly in correspondence to the 
road condition or the wheel slippage state which chang- 
es time by time. In addition, the second filter is used for 
the predetermined data signal utilized for performing 
brake assist control so that brake assist control may be 



favorably executed without causing a feeling that some- 
thing is wrong to the driver. That is, in the present inven- 
tion, brake assist control can be adequately executed 
by reducing the unnecessary hydraulic pulsations by the 
5 use of the second filter in which the variation of individual 
data is less reflected in the resultant filtered value than 
the first filter. 

[0024] According to a first modification of the present 
invention, when the driver operates the brake control 

10 member to brake the vehicle, the brake fluid pressure 
generating device generates a brake fluid pressure in 
response to the operating state of the brake control 
member. The brake fluid pressure generated by the 
brake fluid pressure generating device is transmitted to 

15 the wheel braking force generating device via the main 
conduit to generate a wheel braking force. Further, a 
wheel slippage control device controls a wheel slippage 
state. A brake assist control device generates a brake 
fluid pressure which can exhibit a wheel braking force 

20 greater than the wheel braking force corresponding to 
the operating state of the brake control member and 
controlling brake fluid pressure applied to the wheel 
braking force generating device by use of the brake fluid 
pressure generated. A first filter in which the variation 

25 of individual data is reflected in the resultant filtered val- 
ue to some extent carries out filter-processing with re- 
spect to a vehicle body deceleration for performing 
wheel slippage control. A second filter in which the var- 
iation of individual data is less reflected in the resultant 

30 filtered value than the first filtercarries out filter-process- 
ing with respect to the vehicle body deceleration for per- 
forming brake assist control. 

[0025] As described above, when a filter with respect 
to the data signal for performing wheel slippage control 

35 such as anti-skid control (ABS control) is one which 
greatly smoothens the variations of individual data, a ve- 
hicle-body deceleration which is largely different from 
the actually-detected vehicle-body deceleration may be 
outputted as a resultant filtered value by passing 

40 through the filter because the filter has a property in 
which the raw value of the data signal is not picked up. 
Therefore, wheel slippage control cannot be executed 
quickly and accurately in correspondence to the condi- 
tion of the road surface or the wheel slippage state which 

45 changes time by time when the resultant filtered value 
is used therefor. Further, a driver may feel a sense that 
something is wrong when brake assist control is started 
or executed in response to the instantaneous fluctuation 
of the data signal, because the driver expects that the 

50 wheel braking force is stably generated during brake as- 
sist control. 

[0026] In the first modification of the present inven- 
tion, the first filter is used for the vehicle-body deceler- 
ation which is one of data signals utilized for performing 
55 wheel slippage control so that quick and correct control 
may be executed by increasing/reducing the brake fluid 
pressure quickly in correspondence to the road condi- 
tion or the wheel slippage state which changes time by 



4 



7 



EP 1 067 032 A2 



8 



time. In addition, the second filter is used for signal in- 
dicating the vehicle-body deceleration which is one of 
data signals utilized for performing brake assist control 
so that brake assist control may be favorably executed 
without causing a feeling that something is wrong to the 
driver. 

[0027] According to a second modification of the 
present invention, when the driver operates the brake 
control member to brake the vehicle, brake fluid pres- 
sure generating device generates a brake fluid pressure 
in response to the operating state of the brake control 
member. The brake fluid pressure is transmitted to the 
wheel braking force generating device via a main con- 
duit to generate a wheel braking force. Further, a turn 
tracing control device controls a turning behavior of the 
vehicle by adjusting wheel braking force of each wheel, 
independently. A brake assist control device generates 
a brake fluid pressure which can exhibit a wheel braking 
force greater than the wheel braking force correspond- 
ing to the operating state of the brake control member 
and controlling brake fluid pressure applied to the wheel 
braking force generating device by use of the brake fluid 
pressure generated. A first filter in which the variation 
of individual data is reflected in the resultant filtered val- 
ue to some extent carries out filter-processing with re- 
spect to a vehicle-body deceleration which is one of the 
data signals utilized for performing turn tracing control. 
A second filter in which the variation of individual data 
is less reflected in the resultant filtered value than the 
first filter carries out filter-processing with respect to the 
vehicle-body deceleration which is one of the data sig- 
nals utilized for performing brake assist control. 
[0028] The second modification of the present inven- 
tion is different from the first modification of the present 
invention in that the turn tracing control device is adopt- 
ed in the place of the wheel slippage control device. 
However, because the turn tracing control device con- 
trols the turning behavior of the vehicle to advance the 
vehicle in a desired direction, the same consideration 
as described above may be taken into with respect to 
the filter-processing of the vehicle-body deceleration 
utilized for performing turn tracing control. That is, it is 
desirable to make use of the vehicle-body deceleration 
which is close to the raw value thereof and is accurate 
as much as possible when the turning behavior of the 
vehicle is controlled. Therefore, the first filter in which 
the variations of individual data is reflected in the result- 
ant filtered value to some extent is used for the vehicle- 
body deceleration utilized for performing turn tracing 
control. To contrary, it is desirable to smoothen the var- 
iations of individual vehicle-body deceleration data as 
much as possible when brake assist control is carried 
out. Therefore, the second filter in which the variation of 
individual data is less reflected in the resultant filtered 
value than the first filter is used for the vehicle-body de- 
celeration utilized for performing brake assist control. 
[0029] As a result, quick and correct turn tracing con- 
trol may be executed in correspondence to the road con- 



dition or the wheel slippage state which changes time ^ 
by time and the brake assist may be favorably carried 
out similarly to the first modification. 
[0030] Further, according to a third modification of the 

5 present invention, when the driver operates the brake 
control member to brake the vehicle, the brake fluid 
pressure generating device generates a brake fluid 
pressure in response to the operating state of the brake 
control member. A brake booster boosts the operating 

10 force applied to the brake control member by the driver 
by a predetermined times and transmits the boosted op- 
erating force to the brake fluid pressure generating de- 
vice in order that the brake fluid pressure generating de- 
vice generates a larger brake flu id pressure than a brake 

is fluid pressure caused only by the operating force of the 
driver. The high brake fluid pressure is transmitted to the 
wheel braking force generating device via the main con- 
duit to generate a wheel braking force. Further, a brake 
assist device carries out first brake assist control by gen- 

20 erating a brake fluid pressure higher than the brake fluid 
pressure generated by the brake fluid pressure gener- 
ating device in response to the operating state of the 
brake control member when the panic braking operation 
is made by the driver or when the braking force is not 

25 enough because of an insufficient pedal depressing 
force. The brake assist device carries out second brake 
assist control by generating a brake fluid pressure high- 
er than the brake fluid pressure corresponding to the op- 
erating state of the brake control member when the 

30 brake booster fails or its function deteriorates. The brake 
assist device uses a first filter in which the variations of 
individual data of a data signal is reflected in the result- 
ant filtered value to some extent to carry out filter- 
processing with respect to the data signal for performing 

3S first brake assist control and uses a second filter in which 
the variation of Individual data of a data signal is less 
reflected in the resultant filtered value than the first filter 
to carry out filter-processing with respect to the data sig- 
nal for performing second brake assist control. 

40 [0031] There is a possibility that there is an adverse 
effect on the braking distance or the passenger feels a 
sense that something is wrong when second brake as- 
sist control is executed or terminated in response to the 
instantaneous fluctuation of the data signal, which is 

45 performed when the brake booster fails or when its func- 
tion is deteriorated. Further, during first brake assist con- 
trol which is performed when the panic braking opera- 
tion is made or when sufficient braking force is not pro- 
duced because of insufficient depressing force applied 

so to the brake control member by the driver, the state of 
the brake control member operated by the driver must 
be correctly and timely determined at all times to carry 
out first brake assist operation favorably. 
[0032] In the third modification of the present inven- 
ts tion, brake assist control can be made adequately cor- 
responding to each state by using the first filter to carry 
out filter-processing with respect to the data signal for 
performing first brake assist control and the second filter 
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to carry out fitter-processing with respect to the data sig- 
nal for performing second brake assist control. 
[0033] A master cylinder pressure may be adopted as 
the data signal for performing brake assist control and 
the like. Accordingly, each control may be favorably per- 
formed by using the different filtered values obtained by 
using different filters to detected master cylinder pres- 
sure depending on each control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] These and other objects, features and charac- 
teristics of the present invention will be appreciated from 
a study of the following detailed description, the append- 
ed claims, and drawings, all of which form a part of this 
application. In the drawings: 

FIG. 1 is a schematic structural diagram showing a 
vehicular brake system of a first embodiment; 
FIG. 2 is a block diagram showing an electrical 
structure of the first embodiment; 
FIG. 3 is a flow chart showing control processing 
steps of the first embodiment; 
FIG. 4A is a graph showing changes of wheel speed 
and vehicle-body speed and FIG. 4B is a graph 
showing changes of brake fluid pressure by the con- 
trol processing of the first embodiment; 
FIG. 5 is a schematic structural diagram showing a 
vehicular brake system according to a sixth embod- 
iment; 

FIG. 6 is a block diagram showing an electrical 
structure of the sixth embodiment; 
FIG. 7 is a flow chart showing control processing 
steps of the sixth embodiment; 
FIGS. 8 A to 8C are graphs showing changes of es- 
timated body deceleration before and after filter 
processing; 

FIGS. 9A and 9B are graphs showing changes of 

W/C pressure during ABS control; 

FIG. 10 is a flow chart showing control processing 

steps of brake assist control during panic braking 

operation; 

FIG. 11 is a flow chart showing control processing 
steps of brake assist control when a brake booster 
fails; and 

FIGS. 1 2A and 1 2B are graphs showing changes of 
W/C pressure when the brake booster fails. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Preferred embodiments according to the 
present invention will be explained below in detail with 
reference to the drawings. 

[First Embodiment] 

[0036] The schematic structure of the vehicular brake 



system will be explained based on FIG. 1 at first. It is 
noted that the vehicular brake system is equipped with 
a brake booster and a pressure amplifying mechanism 
comprising a pump and others in order to carry out brake 

5 assist control. 

[0037] As shown in FIG. 1 , the vehicular brake system 
of the present embodiment has a vacuum booster 1 as 
a brake booster. The vacuum booster 1 is connected 
with a brake pedal 2 at its input side and with a tandem 

10 type master cylinder 3 at its output side. The master cyl- 
inder 3 is connected with a master reservoir 4 and a hy- 
draulic pressure control circuit 6 composed of first and 
second longitudinal conduit systems A and B. 
[0038] The brake booster 1 is provided with a vacuum 

15 chamber (constant -pressure chamber) 11 and a varia- 
ble-pressure chamber 12 which are partitioned by a di- 
aphragm 8. The vacuum booster 1 exhibits a boosting 
effect as the brake pedal 2 is depressed. That is, it in- 
creases a force applied to a piston 7 of the master cyl- 

20 inder 3 by utilizing a difference of pressures in the both 
chambers 11 and 12. A negative pressure (intake neg- 
ative pressure) generated in an intake manifold of an 
engine not shown is introduced into the vacuum cham- 
ber 11 and the atmospheric pressure is introduced into 

25 the variable-pressure chamber 1 2. 

[0039] In the hydraulic pressure control circuit 6, a 
wheel cylinder 21 of the front right (FR) wheel commu- 
nicates with a wheel cylinder 22 of the front left (FL) 
wheel via the first conduit system A. Further, a wheel 

30 cylinder 23 of the rear right (RR) wheel communicates 
with a wheel cylinder 24 of the rear left (RL) wheel via 
the second conduit system B. 

[0040] The first conduit system A is provided with a 
known pressure-increasing valve 25 and a pressure -re - 

35 ducing valve 31 for controlling the hydraulic pressure of 
the wheel cylinder 21 of the wheel FR and with a pres- 
sure-increasing valve 26 and a pressure-reducing valve 
32 for controlling the hydraulic pressure of the wheel cyl- 
inder 22 of the wheel FL The second conduit system B 

40 is provided with a pressure-increasing valve 27 and a 
pressure-reducing valve 33 for controlling the hydraulic 
pressure of the wheel cylinder 23 of the wheel RR and 
with a pressure-increasing valve 28 and a pressure-re- 
ducing valve 34 for controlling the hydraulic pressure of 

45 the wheel cylinder 24 of the wheel RL 

[0041] The structure of the first conduit system A will 
be further explained. 

[0042] The first conduit system A is provided with a 
master cylinder cut-off valve (SMC vafve) 36 for com- 

50 municating/cutting off a fluid path 51 thereof on the side 
of the master cylinder 3 from each of the pressure-in- 
creasing valves 25 and 26. It is also provided with a res- 
ervoir 41 for temporarily storing the brake fluid dis- 
charged from each of the pressure-reducing valves 31 

55 and 32 and a hydraulic pump 43 for pressurizing and 
feeding the brake fluid to the fluid path 51 . It is also pro- 
vided with a fluid path 53 for supplying the brake fluid 
directly from the master cylinder 3 to the hydraulic pump 
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43 in increasing the brake fluid pressure of the wheel, 
cylinder. A cut-off valve (SRC valve) 38 for communicat- 
ing/cutting off the fluid path 53 is disposed in the fluid 
path 53. 

[0043] The hydrau lie pump 43 is driven by a pump mo- 
tor 46 and serves as a pressure amplifying mechanism 
together with the SMC valve 36 and the SRC valve 38. 
The pressure amplifying mechanism can increase the 
wheel cylinder pressure more than the master cylinder 
pressure by driving the pump 43 while opening the SRC 
valve 38 and cutting off the SMC valve 36. 
[0044] It is noted that an accumulator 47 for suppress- 
ing pulsations of the internal hydraulic pressure is pro- 
vided in the fluid path for discharging the brake fluid from 
the pump 43. 

[0045] Similarly to the first conduit system A de- 
scribed above, the second conduit system B is provided 
with pressure-increasing valves 27 and 28, pressure-re- 
ducing valves 33 and 34, a SMC valve 37, a reservoir 
42, a hydraulic pump 44, an accumulator 48, a SRC 
valve 39, fluid paths 52 and 53 and the like at the same 
locations. 

[0046] As shown in FIG. 2, an ECU (electric control 
unit) 61 for controlling the vehicular brake system de- 
scribed above is mainly composed of a microcomputer 
equipped with a known CPU 61a, a ROM 61b, a RAM 
61c, an input/output section 61 d, a bus line 61 e and the 
like. 

[0047] Signals of wheel speed sensors 62 disposed 
at each wheel which detect wheel speeds thereof, of a 
brake switch 63 for detecting that the brake pedal 2 has 
been depressed, of an accelerator switch 64 for detect- 
ing that an accelerator pedal not shown is depressed, 
of a parking switch 66 for detecting that a parking brake 
lever not shown is pulled, of a gear position sensor 67 
for detecting that a shift lever not shown is set at the 
position for parking in case of a vehicle provided with an 
automatic transmission, of a constant-pressure cham- 
ber pressure sensor 68 for detecting a pressure within 
the constant-pressure chamber 1 1 of the vacuum boost- 
er 1, of a variable-pressure chamber pressure sensor 
69 for detecting a pressure within the variable -pressure 
chamber 12, of a M/C pressure sensor 71 for detecting 
the master cylinder pressure, of a W/C pressure sensor 
72 for detecting the wheel cylinder pressure and the like 
are fed to the ECU 61. 

[0048] The ECU 61 outputs control signals for driving 
the pressure-increasing valves 25 through 28, the pres- 
sure-reducing valves 31 through 34, the SMC valves 36 
and 37 and the SRC valves 38 and 39 which are elec- 
tromagnetic valves, and control actuators such as the 
pump motor 46. 

[0049] Next, control processing steps of the present 
embodiment will be explained based on a flow chart in 
FIG. 3 and on graphs in FIGS. 4A and 4B. 
[0050] At first, it is determined whether or not the 
brake pedal 2 is being depressed by determining wheth- 
er or not the brake switch 63 is ON in Step 100 in FIG. 



3. When it is determined to be Yes here, the processing 

advances to Step 110 and when it is determined to be 
No, the same determination is repeated again. 
[0051] In Step 110, the pressure (negative pressure) 

5 P of the constant-pressure chamber 11 is detected 
based on the signal from the constant-pressure cham- 
ber pressure sensor 68. In the following Step 120, it is 
determined whether or not the brake booster (V/B) 1 
fails by determining whether or not the constant -pres- 

10 sure chamber pressure P which is negative pressure ex- 
ceeds a determination value kP. That is, when no ade- 
quate negative pressure is supplied to the constant- 
pressure chamber 11, it is determined that the vacuum 
booster 1 fails. When it is determined to be Yes here, 

is the processing advances to Step 1 30 and when it is de- 
termined to be No, the processing returns to Step 100 
described above. 

[0052] It is noted that a deterioration of the function of 
a degree which will not invite the failure of the brake 

20 booster 1 may be also detected by setting the level of 
the determination value low, i.e. by setting the value for 
discriminating the deterioration of the function to be low- 
er than the value of kP. The brake fluid pressure may be 
amplified in the same manner with the case of the failure 

25 of the brake booster 1 in response to this result (how- 
ever, the degree of amplification of the pressure is 
small). 

[0053] Because the brake booster 1 is determined to 
be failed in Step 1 30, a pressure amplifying mechanism 

30 (an increasing device) is started to complement the 
boosting effect of the vacuum booster 1 . That is, the am- 
plification of the brake fluid pressure is carried out by 
the pressure amplifying mechanism. Specifically, the 
SMC valves 36 and 37 are closed to cut off the fluid 

35 paths 51 and 52 extending from the master cylinder 3 
to the wheel cylinders 21 through 24 and the SRC valves 
38 and 39 are opened to communicate the fluid paths 
53 and 54 from the master cylinder 3 to the intake side 
of the hydraulic pumps 43 and 44. In this state, the hy- 

40 draulic pumps 43 and 44 are driven by turning on the 
pump motor 46. Thereby, the wheel cylinder pressure 
may be increased while complementing the boosting ef- 
fect of the failed vacuum booster 1 . 
[0054] In the following Step 1 40, wheel speeds Vw of 

45 the four wheels is detected based on the signals from 
wheel speed sensors 62 disposed at each of four 
wheels. In the following Step 150, a speed value Vw 
which corresponds to a vehicle-body speed Vb is select- 
ed among the wheel speeds Vw of the four wheels and 

50 js set as a selected wheel speed Vws. For example, an 
average value or a maximum value of the wheel speeds 
Vw of the four wheels is set as the selected wheel speed 
Vws. 

[0055] In the following Step 160, it is determined 
55 whether or not the vehicle has stopped by determining 
whether or not the selected wheel speed Vws is less 
than a determination value kvw (e.g. 4 km/s). When it is 
determined to be Yes here, the processing advances to 
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Step 170 and when it is determined to be Noon the other 
hand, the processing returns to Step 1 30 described 
above. 

[0056] In Step 170, it is determined whether or not a 
condition for terminating control for a stopped (station- 
ary) state of the vehicle, i.e. control for preventing the 
braking force from being insufficient at the time of the 
vehicle stopping is satisfied. Specifically, ft is deter- 
mined whether or not a predetermined time T1 has 
elapsed since when the vehicle has stopped. When it is 
determined to be Yes here, the processing advances to 
Step 1 80 and when it is determined to be No on the other 
hand, the processing returns to Step 130 described 
above. 

[0057] Because the condition for terminating control 
for the stopped state of the vehicle is met, the operation 
of the increasing device is stopped (released) in Step 
180 and the processing is ended. In detail, the SMC 
valves 36 and 37 are opened to communicate the fluid 
path 51 and 52 from the master cylinder 3 to the wheel 
cylinders 21 through 24, the SRC valves 38 and 39 are 
closed to cut off the fluid path 53 and 54 from the master 
cylinder 3 to the intake side of the hydraulic pumps 43 
and 44, and the hydraulic pumps 43 and 44 are stopped 
by turning off the pump motor 46. Thereby, control for 
increasing the wheel cylinder pressure (pressure ampli- 
fying control) carried out for complementing the boost- 
ing effect of the failed vacuum booster 1 may be 
stopped. As a result, the amplification of the wheel cyl- 
inder pressure may be stopped and the braking force of 
the wheel may be reduced after the predetermined time 
T1 since when the vehicle has stopped by the above- 
mentioned processing. 

[0058] Next, an effect obtained by the present embod- 
iment will be explained based on FIGS. 4 A and 4B. 
[0059] As shown in FIGS. 4A and 4B, when the brake 
pedal is depressed at time to, the wheel speed Vw and 
the vehicle-body speed Vb gradually drop in response 
to the depression of the brake pedal 2. If the vacuum 
booster 1 fails at time tl, the amplification of the wheel 
cylinder pressure is started by the pressure amplifying 
mechanism in order to compensate the boosting effect 
thereof. Accordingly, although the master cylinder pres- 
sure (M/C pressure) barely increases (depending on the 
state of the failure), the wheel cylinder pressure (W/C 
pressure) increases thereafter 

[0060] When the wheel speed Vw (or more specifical- 
ly the selected wheel speed Vws) decreases below the 
determination value kVw at time t2, it is determined that 
the vehicle is put into the stopped state. The amplifica- 
tion of the wheel cylinder pressure by the pressure am- 
plifying mechanism is stopped and the wheel cylinder 
pressure is reduced at time t3 at which the predeter- 
mined time T1 has elapsed from the determination of 
the stopped state (made at time t2). That is, the pressure 
amplifying mechanism (the increasing device) for com- 
pensating the boosting effect of the vacuum booster 1 
is driven when it is determined that the vacuum booster 



1 has failed. Further, when the vehicle is determined to 
be in the stopped state after that, the operation of the 
pressure amplifying mechanism (the increasing device) 
is stopped not simultaneously with such a determination 

s but after an elapse of the predetermined time T1 from 
the determination. This is because the braking force 
might become insufficient because of the failure of the 
vacuum booster 1 when the increasing device is 
stopped immediately after the vehicle is determined to 

10 be stopped. For example, when the vehicle is stopped 
on a slope, the vehicle may be unable to keep its sta- 
tionary state by gravity applied thereto. As a counter- 
measure for that, the increasing device is stopped after 
the elapse of the predetermined time T1 since the vehi- 

is cle stops. During such a period, it can be considered 
that the driver will take any action for maintaining the 
stopped state of the vehicle like pulling a parking brake 
lever for example. As a result, the present embodiment 
can obtain a remarkable effect that the vehicle will not 

20 start to move unintentionally even if it stops on a sbpe 
and it is very safe even when the vacuum booster 1 fails. 

[Second Embodiment] 

25 [0061] Next, a second embodiment will be explained 
below. However, because only the conditions for termi- 
nating control for the stopped state of the vehicle is dif- 
ferent from that of the first embodiment, that point will 
be explained in detail hereinafter. 

30 [0062] In the second embodiment, the amplification of 
the wheel cylinder pressure by the pressure amplifying 
mechanism described above is continued until when the 
accelerator pedal (not shown) is depressed to start the 
vehicle from its stationary state even if the vehicle is de- 

36 tected to be in the stopped state. When it is detected 
that the accelerator pedal is depressed based on the 
signal from the accelerator switch 64, the amplification 
of the wheel cylinder pressure by the pressure amplify- 
ing mechanism is stopped to reduce the wheel cylinder 

40 pressure. That is, because a force for starting the vehi- 
cle is applied when the accelerator pedal is depressed, 
the vehicle does not move unintentionally even if the 
brake fluid pressure is reduced at that point of time. In 
other words, the vehicle will not move by gravity applied 

45 thereto even when the vehicle stops on a slope. Further, 
the brake fluid pressure needs to be reduced in order to 
start the vehicle smoothly. Therefore, the high wheel cyl- 
inder pressure is held until when the accelerator pedal 
is depressed in the present embodiment. 

so [0063] Thereby, the same effect with the first embod- 
iment described above can by obtained by the second 
embodiment. Further, because the braking force of the 
wheel is reduced after the operation for starting the ve- 
hicle is started, not reducing it when the predetermined 

55 time T1 has elapsed, the safety is enhanced further. 
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[Third Embodiment] ,.. ....... ~— 

[0064] Next, a third embodiment will be explained be- 
low. However, because only the conditions tor terminat- 
ing control for the stopped state of the vehicle is different 
from that of the first embodiment, that point will be ex- 
plained in detail hereinafter. 

[0065] In the third embodiment, the amplification of 
the wheel cylinder pressure by the pressure amplifying 
mechanism described above is continued until when the 
brake pedal 2 is actually returned by the passenger even 
if the vehicle is detected to be in the stopped state. That 
is, when it is detected that the brake pedal 2 is returned 
based on the signal from the brake switch 63, the am- 
plification of the wheel cylinder pressure by the pressure 
amplifying mechanism is stopped to reduce the wheel 
cylinder pressure. In other words, because a period from 
when the vehicle has stopped till when the brake pedal 
2 is returned is considered to be a period during which 
the passenger wants to maintain the stopped state of 
the vehicle, the high wheel cylinder pressure is held until 
when the brake pedal 2 is actually returned. 
[0066] As a result, the same effect with the first em- 
bodiment described above can be obtained by the third 
embodiment. Further, because the braking force of the 
wheel is reduced after when the intention of completely 
stopping the vehicle or of starting the vehicle again is 
exhibited by the driver, not reducing the braking force of 
the wheel when the predetermined time T1 has elapsed 
since when the vehicle has stopped, the safety is en- 
hanced further. 

[Fourth Embodiment] 

[0067] Next, a fourth embodiment will be explained 
below. However, because only the conditions for termi- 
nating control for the stopped state of the vehicle is dif- 
ferent from that of the first embodiment, that point will 
be explained in detail hereinafter. 
[0068] In the fourth embodiment, the amplification of 
the wheel cylinder pressure by the pressure amplifying 
mechanism described above is continued until when a 
parking brake lever (not shown) is actually operated 
(pulled) by a driver even when the vehicle is detected to 
be in the stopped state. That is, when it is detected that 
the parking brake lever has been pulled based on the 
signal from the parking switch 66, the amplification of 
the wheel cylinder pressure by the pressure amplifying 
mechanism is stopped to reduce the wheel cylinder 
pressure. 

[0069] Because a period from when the vehicle has 
stopped till when the parking brake lever is pulled is con- 
sidered to be a period during which the passenger wants 
to maintain the stopped state of the vehicle, the high 
wheel cylinder pressure is held until when the parking 
brake lever is pulled in the present embodiment. 
[0070] Thereby, the same effect with the first embod- 
iment described above can be obtained by the fourth 



embodiment. Further, because the braking force of the 
wheel is reduced after when the operation for complete- 
ly stopping the vehicle is made, not reducing the braking 
force of the wheel when the predetermined time T1 has 
s elapsed, the safety is enhanced further. 

[Fifth Embodiment] 

[0071] Next, a fifth embodiment will be explained be- 
10 low. However, because only the conditions for terminat- 
ing control for the stopped state of the vehicle is different 
from that of the first embodiment, that point will be ex- 
plained in detail hereinafter. 

[0072] In the fifth embodiment, when the vehicle has 

is an automatic transmission, the amplification of the 
wheel cylinder pressure by the pressure amplifying 
mechanism described above is continued until when the 
driver actually sets a shift lever (not shown) at a position 
for parking even when the vehicle is detected to be in 

20 the stopped state. That is, when it is detected that the 
lever has been set at the position for parking based on 
the signal from the gear position sensor 67, the amplifi- 
cation of the wheel cylinder pressure by the pressure 
amplifying mechanism is stopped to reduce the wheel 

25 cylinder pressure. 

[0073] Because a period from when the vehicle has 
stopped till when the shift lever is set at the position for 
parking is considered to be a period during which the 
driver wants to maintain the stopped state of the veh icle, 

30 the high wheel cylinder pressure is held until when the 
lever is set at the position for parking in the present em- 
bodiment. 

[0074] Thereby, the same effect with the first embod- 
iment described above can be obtained. Further, be- 

35 cause the braking force of the wheel is reduced after 
when the operation for completely stopping the vehicle 
is made, not reducing the braking force of the wheel 
when the predetermined time T1 has elapsed, the safety 
is enhanced further 

40 [0075] It is noted that the present invention is not lim- 
ited to the above-described embodiments and it may be 
practiced in various modes within the scope of the ap- 
pended claims. 

[0076] For instance, although a vacuum booster 1 us- 
45 ing the negative pressure of the engine and the atmos- 
pheric pressure has been described as a brake booster 
in the first through fifth embodiments, one using pres- 
sure from another pressure source such as an accumu- 
lator may be adopted as the brake booster. Further, a 
50 hydro-booster is also applicable as the brake booster. 
[0077] Although the determination of the failure and 
the function deterioration of the vacuum booster is made 
based on the state of the pressure of the constant-pres- 
sure chamber in the above-mentioned first through fifth 
55 embodiments, various methods other than that such as 
the following methods (A) through (C) may be adopted: 

(A) When the difference (P1 - P2) between the pres- 
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sure P1 in the variable-pressure chamber and the 
pressure P2 in the constant-pressure chamber is 
less than a predetermined value, it may be deter- 
mined that the vacuum booster fails or its function 
deteriorates. 5 

(B) When a difference (PT - P1 ) between the atmos- 
pheric pressure PT of the outside and the pressure 
P1 of the variable-pressure chamber is belowa pre- 
determined reference value, it may be determined 
that the vacuum booster fails or its function deteri- 10 
orates. 

(C) When a difference (PT - P2) between the atmos- 
pheric pressure PT and the pressure P2 of the con- 
stant-pressure chamber is below a predetermined 
reference value, it may be determined that the vac- is 
uum booster fails or its function deteriorates. 

While the increasing device composed of the 
SMC valves 36 and 37, the hydraulic pumps 43 and 
44, and the SRC valves 38 and 39 has been exem- 
plified as the pressure amplifying mechanism in the 20 
above-mentioned first through fifth embodiments, 
the following structures (D) and (E) may be adopted 
for example as long as the wheel cylinder pressure 
can be increased when the vacuum booster fails or 
when its function deteriorates. 25 

(D) An arrangement in which a proportioning control 
valve is inversely connected in the place of the SMC 
valve, i.e. an arrangement in which the high-pres- 
sure side (input side) of the proportioning control 
valve is connected to a wheel cylinder side and the 30 
low-pressure side (output side) thereof is connect- 
ed to a master cylinder side, may be adopted in the 
above-mentioned embodiments. In this case, it is 
desirable to set a split-point pressure of the propor- 
tioning control valve as low as possible. The pres- 35 
sure at the high-pressure side is equal to the pres- 
sure at the low-pressure side when the pressure ap- 
plied to the proportioning control valve is less than 

the split-point pressure. Further, the proportioning 
control valve controls the pressure at the low-pres- 40 
sure side so that the pressure at the low-pressure 
side is reduced from the pressure at the high-pres- 
sure side with a predetermined rate when the pres- 
sure applied thereto exceeds the split-point pres- 
sure. Accordingly, the proportioning control valve 45 
can be used as the pressure amplifying mechanism 
along with the hydraulic pump. 

(E) It is possible to arrange such that the intake side 
of the hydraulic pump is connected to the master 
reservoir 4, not the master cylinder 3, and the SRC 50 
valve is disposed on the fluid path connecting the 
intake side of the hydraulic pump to the master res- 
ervoir 4. In this case, because the wheel cylinder 
pressure is increased by the brake fluid supplied 
from the master reservoir 4, not enhancing the 55 
wheel cylinder pressure by moving the brake fluid 
between the master cylinder and the wheel cylinder 

to the wheel cylinder side like the above-mentioned 



embodiments, it has such advantages that the . 
wheel cylinder pressure may be increased quickly 
and the braking performance is high. 

[0078] Although the amplification of the wheel cylin- 
der pressure by the pressure amplifying mechanism has 
been continued until when the predetermined conditions 
such as the elapse of a predetermined time T is satisfied 
since when the vehicle has been determined to be in the 
stopped state in the first through fifth embodiments, the 
high wheel cylinder pressure may be maintained by driv- 
ing the pressure-increasing control valves, instead of 
amplifying the pressure by the pressure amplifying 
mechanism. In detail, when the vehicle is determined to 
be in the stopped state, the high wheel cylinder pressure 
may be maintained by closing the pressure-increasing 
control valves while the amplification of the wheel cylin- 
der pressure by the pressure amplifying mechanism is 
stopped. 

[0079] Although the high wheel cylinder pressure 
formed during braking is held as it is until when the pre- 
determined conditions such as the elapse of the prede- 
termined time T is satisfied since when the vehicle has 
been determined to be in the stopped state in the first 
through fifth embodiments, the wheel cylinder pressure 
may be reduced to some degree while maintaining the 
braking force required to stop the vehicle because it is 
enough to prevent the unintentional move of the vehicle 
caused by the lack of the braking force during the 
stopped state. For instance, the wheel cylinder pressure 
may be reduced by reducing the driving force of the 
pump, by controlling the closed state of the SRC valve 
or by opening the pressure-reducing control valve with 
a predetermined duty ratio. In this case, because the 
wheel cylinder pressure is reduced to a certain degree, 
there is such an advantage that the shock of pressure 
(to the master cylinder side) caused when the SMC 
valve is opened in response to the stoppage of the pres- 
sure amplifying mechanism may be reduced. 
[0080] Further, if the function of the vacuum booster 
has deteriorated due to the fluctuation of the negative 
pressure of the intake manifold, the amplification of 
pressure is finished when it is detected that the function 
of the vacuum booster is recovered, i.e. that the nega- 
tive pressure or the engine speed (idling speed) is nor- 
malized. It is noted that the normalization may be de- 
tected from the negative pressure of the vacuum boost- 
er or the like. 

[0081] Although the longitudinal conduit system has 
been exemplified in the first through fifth embodiments, 
a diagonal conduit system may be used instead of that. 

[Sixth Embodiment] 

[0082] Next, a sixth embodiment will be explained. In 
the vehicular brake system of the sixth embodiment, fil- 
ters for filtering detected value and the like are changed 
in correspondence to various controls. 
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[0083] FIG 5 is a schematic structural diagram of the 
vehicular brake system which is capable of performing 
the turn tracing control for controlling the behavior of the 
vehicle when the vehicle turns, the pressure amplifying 
assist brake (PAB) for increasing a brake fluid pressure 5 
applied to wheel cylinders when a brake booster fails for 
example, in addition to known anti-skid control (ABS) 
and traction control (TRC). 

[0084] As shown in FIG. 5, the vehicular brake system 
has a tandem type master cylinder 101 . A brake pedal 10 
1 03 is connected to the master cylinder 1 01 via a brake 
booster 102 (brake servo system). The brake booster 
102 is a so-called vacuum booster which is equipped 
with a vacuum chamber 1 04 which is connected with an 
intake manifold of an engine not shown and to which is 
vacuum is introduced therefrom and a variable pressure 
chamber 105 to which atmospheric air is introduced. 
The brake booster 102 boosts the depressing force of 
the brake pedal 103 by the difference between the pres- 
sure in the vacuum chamber 104 and the pressure in 20 
the variable pressure chamber 105. 
[0085] The master cylinder 101 is connected with a 
master reservoir 106 and a hydraulic pressure control 
circuit 110 which is composed of two hydraulic X conduit 
(diagonal conduit) systems for controlling the brake fluid 25 
pressure applied to wheel cylinders. The hydraulic pres- 
sure control circuit 110 comprises a first fluid conduit 
system 111a and a second fluid conduit system 111b. In 
the hydraulic pressure control circuit 110, a wheel cylin- 
der 115 of the front right (FR) wheel communicates with 30 
a wheel cylinder 116 of the rear left (RL) wheel via the 
first fluid conduit system 111a. Further, a wheel cylinder 
117 of the rear right (RR) wheel communicates with a 
wheel cylinder 118 of the front left (FL) wheel via the 
second fluid conduit system 111b. 35 
[0086] The first fluid conduit system 1 1 1 a is provided 
with a known pressure-increasing control valve 1 21 and 
a pressure-reducing control valve 1 25 for controlling the 
hydraulic pressure of the wheel cylinder 1 1 5 of the wheel 
FR and with a pressure-increasing control valve 1 22 and 40 
a pressure-reducing control valve 1 26 for controlling the 
hydraulic pressure of the wheel cylinder 1 1 6 of the wheel 
RL. The second fluid conduit system 111b is provided 
with a pressure-increasing control valve 1 23 and a pres- 
sure-reducing control valve 127 for controlling the hy- 45 
draulic pressure of the wheel cylinder 117 of the wheel 
RR and with a pressure-increasing control valve 124 
and a pressure-reducing control valve 28 for controlling 
the hydraulic pressure of the wheel cylinder 118 of the 
wheel FL. 50 
[0087] The first fluid conduit system 111a will be ex- 
plained in detail. 

[0088] It is provided with a master cylinder cut-off 
valve (SMC valve) 131 for communicating/cutting off a 
fluid path 145a on the side of the master cylinder 101 55 
from each of the increasing valves 1 21 and 1 22. A pres- 
sure regulating valve 142 is disposed on the side of the 
master cylinder 101 from the SMC valve 1 31 . The pres- 



sure regulating valve 142 is what a known proportioning 
control valve is inversely connected. The proportioning 
control valve is normally connected so that high pres- 
sure brake fluid is supplied from a master cylinder to the 
proportioning control valve and low pressure brake fluid 
attenuated with a predetermined ratio thereby is provid- 
ed to a wheel cylinder, when the brake fluid pressure 
supplied from the master cylinder has reached a split- 
point pressure. Therefore, when the proportioning con- 
trol valve is inversely connected, it is possible to in- 
crease the hydraulic pressure of the fluid path 1 45a side 
of the pressure regulating valve 142 more than that of 
the master cylinder 101 side thereof with a predeter- 
mined ratio when a hydraulic pump 138 is driven (while 
the SRC valve 131 is opened) to discharge brake fluid 
having high pressure into the fluid path 145a. That is, 
the proportioning control valve inversely connected has 
an effect of causing the brake fluid to flow from the side 
of the wheel cylinders 1 1 5 through 1 1 8 to the side of the 
master cylinder 1 01 while attenuating the pressure with 
the predetermined ratio when the brake fluid pressure 
on the side of the wheel cylinders 115 through 118 in- 
creases more than the split-point pressure of the pro- 
portioning control valve. Therefore, the brake fluid pres- 
sure applied to the wheel cylinders 1 1 5 through 1 1 8 may 
be maintained to be higherthan the pressure of the mas- 
ter cylinder 101. 

[0089] The first fluid conduit system 1 1 1 a is also pro- 
vided with a reservoir 136 for temporarily storing the 
brake fluid discharged from each of the pressure-reduc- 
ing control valves 125 and 126 and a hydraulic pump 
138 for pressurizing and feeding the brake fluid to the 
fluid path 145a. It is noted that an accumulator 147 for 
suppressing pulsations of the internal hydraulic pres- 
sure is provided in the path for discharging the brake 
fluid from the hydraulic pump 1 38. The first fluid conduit 
system 111a is also provided with a fluid path 149a for 
supplying the brake fluid directly from the master cylin- 
der 101 to the hydraulic pump 134 to increase the pres- 
sure of the wheel cylinders. A cut-off valve (SRC valve) 
134 for communicating/cutting off the fluid path 149a is 
provided in the fluid path 149a. 

[0090] Similarly to the first fluid conduit system 111a 
described above, the second fluid conduit system 111b 
is provided with pressure-increasing control valves 123 
and 124, pressure-reducing control valves 127 and 128, 
a SMC valve 1 32, a reservoir 1 37, a hydraulic pump 1 39, 
an accumulator 1 48, a SRC valve 1 35, a pressure reg- 
ulating valve 143 and the like at the same locations. 
[0091] It is noted that the both hydraulic pumps 138 
and 1 39 are arranged so as to be linked with and driven 
by an electrically driven pump motor 141 . 
[0092] As shown in FIG. 6, an ECU 150 for controlling 
the vehicular brake system described above is mainly 
composed of a microcomputer equipped with a known 
CPU 150a, a ROM 150b, a RAM 150c, an input/output 
section 150d, a bus line 150e and the like. 
[0093] Signals of wheel speed sensors 1 53 disposed 
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at each wheel, of a stop switch 154 for detecting that the 

brake pedal 1 03 has been depressed, of a M/C pressure 
sensor 1 46 for detecting the pressure of the master cyl- 
inder 101 , of a vacuum chamber pressure sensor 148 
for detecting the pressure within the vacuum chamber s 
104 (to detect whether the brake booster 2 fails or not) 
of others are input to the ECU 1 50. The ECU 1 50 outputs 
signals for controlling the pressure-increasing control 
valves 121 through 124, the pressure-reducing control 
valves 125 through 128 and the SMC valves 131 and to 
132, which are electromagnetic valves, and a signal for 
driving control actuators such as the electrically driven 
pump motor 141. 

[0094] Next, control processing steps of the sixth em- 
bodiment will be explained based on FIGS. 7 through is 
12. 

[0095] At first, a main flow chart will be explained 
based on FIG. 7. Data is taken in from each sensor in 
Step 200 in FIG. 7. For example, wheel speeds VW of 
each wheel are detected based on the signal from the 20 
speed sensors 153 and a master cylinder pressure (M/ 
C pressure) PM is detected based on the signal from 
the M/C pressure sensor 146. 

[0096] In the following Step 210, a selected value 
among the wheel speeds VW (e.g. an average value of 25 
the wheel speeds VW) is set as a vehicle body speed 
VB and the vehicle-body speed VB is differentiated to 
calculate an estimated deceleration of the vehicle body 
(estimated body deceleration) dVB. FIG. 8A shows 
changes of the estimated body deceleration dVB. It can 30 
be seen that the estimated body deceleration dVB 
changes sharply crossing first and second reference 
values H1 and H2 used in control described later be- 
cause it is a raw value. 

[0097] In the following Step 220, a first filter process- 35 
ing is carried out by filtering the values of the estimated 
body deceleration dVB and the M/C pressure PM by us- 
ing a normal (first) filter. First filtered values of the esti- 
mated body deceleration dVB1 and the M/C pressure 
PM1 are derived by this first filter processing. It is noted 40 
that the subscript 1 denotes the first filtered value and 
the first filter has a property in which variations of indi- 
vidual data of a signal are reflected in a resultant filtered 
value to some extent. FIG. 8B shows changes of the 
estimated body deceleration dVB1 to which the first filter 4S 
processing has been carried out. It can be seen that the 
changes of the filtered estimated body deceleration 
dVB1 is smoothened comparing to the changes of the 
raw values of the estimated body deceleration dVB 
shown in FIG. 8A. 50 
[0098] In the following Step 230, a second filter 
processing is carried out with respect to the first filtered 
values of the estimated body deceleration dVB1 and the 
M/C pressure PM1 by using a second filter having a 
property in which variations of individual data of a signal ss 
is less reflected in the resultant filtered value than the 
normal filter. Thereby, an estimated body deceleration 
dVB2 and a M/C pressure PM2 which are second fil- 



tered values are further smoothened than the first fil- 
tered values as shown in FIGS. 8B and 8C. It is noted 
that the subscript 2 denotes the second filtered value. 
That is, FIG. 8C shows changes of the estimated body 
deceleration dVB2 to which the second filter processing 
has been carried out. It can be seen from FIGS. 8B and 
8C that the changes of the estimated body deceleration 
dVB2 to which the second filter processing is carried out 
are smoother than the changes of the estimated body 
deceleration dVB1 to which the first filter processing is 
carried out. 

[0099] In the following Step 240, the known anti-skid 
control (ABS control) is carried out by using the estimat- 
ed body deceleration which is the first filtered value. The 
known ABS control for enhancing the braking perform- 
ance is executed when the predetermined conditions for 
performing ABS control are fulfilled (e.g. a slip ratio of a 
wheel is more than a predetermined value and so on). 
In this ABS control, the wheel cylinder pressure (W/C 
pressure) is increased when the estimated body decel- 
eration dVB1 is smaller than the first reference value H1 
shown in FIG. 8B for example because the deceleration 
of the vehicle is small and an increase of the wheel cyl- 
inder pressure is required. Specifically, when the normal 
filter shown in FIG. 8B is used, i.e. when the estimated 
body deceleration dVBI which is the first filtered value is 
used, ABS control is made so as to increase a great 
amount of the W/C pressure when the estimated body 
deceleration dVBI lowers below the first reference value 
H1 and to increase a small amount of the W/C pressure 
(or hold the W/C pressure) when it exceeds the first ref- 
erence value H1. This control causes the braking per- 
formance to enhance because the W/C pressure may 
be ideally (quickly) increased as shown in FIG. 9A after 
the W/C pressure has been reduced. 
[0100] When the second filter shown in FIG. 8C is 
used, i.e. when the estimated body deceleration dVB2 
which is the second filtered value is used, on the other 
hand, the W/C pressure cannot be increased ideally. 
That is, the rate of the pressure increase is slow and the 
deceleration of the vehicle body drops as a result as 
shown in FIG. 9B even when the similar control is made 
based on the first reference value H1. This is because 
the estimated body deceleration dVB2 does not lower 
below the first reference value H1 as the result that the 
second filter processing excessively has smoothened 
the estimated body deceleration dVB. 
[0101] In the following Step 250, turn tracing control 
for controlling the behavior of the vehicle when the ve- 
hicle is turning is executed by using the estimated body 
deceleration dVB1 and the M/C pressure PM1 which are 
the first filtered values. In detail, when predetermined 
conditions for performing turn tracing control are satis- 
fied, e.g. when it is determined that the vehicle has en- 
tered an over-steer mode from detected values of the 
wheel speed sensors 53, a yaw rate sensor or a body 
lateral acceleration sensor, and a steering angle sensor, 
turn tracing control for controlling the behavior of the ve- 
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hide is executed so that the vehicle-traces a target turrv > 
ing line by providing brake fluid pressure to each of the 
wheel cylinders, independently. In this turn tracing con- 
trol, when the driver depresses the brake pedal 103, a 
target deceleration is set based on the M/C pressure 
PM1 which is the first filtered value. Then, the wheel cyl- 
inder pressure of each of the wheels is regulated so that 
the estimated body deceleration dVBI which is the first 
filtered value becomes equal to the target deceleration. 
In this way, turn tracing control controls the behavior of 
the turning vehicle while decelerating the vehicle at the 
target deceleration corresponding to the driver's brake 
pedal operation. That is, the estimated body decelera- 
tion dVB1 and the M/C pressure PM1 which are the first 
filtered values are used for turn tracing control, similarly 
to a case of ABS control. 

[0102] In Step 260, when conditions for executing 
brake assist (B/A) control for a panic braking are satis- 
fied, the brake assist control for the panic braking is ex- 
ecuted by using the M/C pressure PM1 which is the first 
filtered value. Brake assist control for the panic braking 
will be described later in detail. 

[0103] In Step 270, when conditions for executing 
brake assist control for compensating the failure of the 
brake booster 102 are satisfied, brake assist control for 
compensating the failure of the brake booster 102 is 
started by using the estimated body deceleration dVB2 
and the M/C pressure PM2 which are the second filtered 
values. Brake assist control for compensating the failure 
of the brake booster 102 will be alsodescribed later. This 
routine is then finished. 

[01 04] Next, the processing of brake assist control for 
the panic braking which is the processing in Step 260 
will be explained based on a flow chart in FIG. 10. In 
Step 300 in FIG. 10, it is determined whether the panic 
braking is being carried out or not based on the M/C 
pressure PM1 which is the first filtered value. In detail, 
because it is assumed that the panic braking operation 
is made when the M/C pressure increases sharply, it is 
determined whether or not the M/C pressure PM1 of this 
control cycle is greater than the M/C pressure PM1 of 
previous control cycle plus a predetermined value A. 
When it is determined to be Yes here, it is assumed that 
the panic braking operation is made and the processing 
advances to Step 310. When it is determined to be No 
on the other hand, the processing advances to Step 320. 
[0105] In Step 310, pressure amplifying brake assist 
control is executed to increase the W/C pressure. In de- 
tail, the SMC valves 131 and 132 are turned on and 
closed, the SRC valves 134 and 135 are turned on to 
open, and the pump motor 1 41 is turned on to drive the 
hydraulic pumps 1 38 and 1 39 to increase the W/C pres- 
sure quickly. In Step 320 on the other hand, pressure 
amplifying brake assist control is not executed (or halt- 
ed). In detail, the SMC valves 131 and 132 are turned 
off to open, the SRC valves 1 34 and 1 35 are turned off 
to close, and the pump motor 141 is turned off to stop 
the hydraulic pumps 138 and 139. As a result, increas- 



ing of the W/C pressure is .stopped.- 
[0106] As described above, because it is necessary 
to increase the W/C pressure quickly during the panic 
braking, brake assist control is executed using the first 

5 filtered values to enhance the braking performance as 
explained before with reference to FIG. 9A. 
[0107] The processing of brake assist control for the 
failure of the brake booster 102, i.e. the processing in 
Step 270, will be explained based on a flowchart in FIG. 

10 11 and explanatory graphs in FIGS. 12A and 12B. 
[0108] lnStep400inFIG. 11, it is determined whether 
or not the brake pedal 1 03 is being depressed by deter- 
mining whether or not the stop switch 154 is ON. When 
it is determined to be Yes here, the processing advances 

is to Step 410 and when it is determined to be No on the 
other hand, the processing advances to Step 470. Be- 
cause pressure amplifying brake assist control for in- 
creasing the W/C pressure is not executed in Step 470, 
the SMC valves 1 31 and 1 32 are turned off to open, the 

20 SRC valves 1 34 and 1 35 are turned off to close and the 
pump motor 1 41 is turned off to stop (to prohibit) increas- 
ing the W/C pressure. Then, this routine is finished. In 
Step 410, it is determined whether or not the brake 
booster 102 fails based on the signal from the vacuum 

25 chamber pressure sensor 1 48. That is, it is determined 
whether or not the brake booster 102 fails by determin- 
ing whether or not the vacuum pressure P of the vacuum 
chamber 104 exceeds a determination value kP. When 
no adequate vacuum is supplied to the vacuum cham- 

30 ber 104, it is determined that the brake booster 102 fails. 
When it is determined to be Yes here, the processing 
advances to Step 420 and when it is determined to be 
No, the processing advances to Step 470 described 
above. 

35 [0109] It is noted that a deterioration of the brake 
booster function which will not be a complete failure of 
the brake booster may be also detected by setting the 
level of the determination value low, i.e. by setting the 
value for discriminating the deterioration of the function 

40 lower than the value of kR The brake fluid pressure may 
be amplified in the same manner with the case of the 
failure of the brake booster 102 in response to the de- 
termination result that the function of the brake booster 
102 has deteriorated (however, the degree of amplifica- 

45 tion of the pressure is small). 

[0110] Because the brake booster 102 fails, pressure 
amplifying brake assist control for the failure of the brake 
booster 1 02 is executed in Step 420 to increase the W/ 
C pressure. In detail, the SMC valves 131 and 132 are 

50 turned on to close, the SRC valves 134 and 135 are 
turned on to open and the pump motor 141 is turned on 
to drive the hydraulic pumps 138 and 139 in order to 
increase the W/C pressure quickly. 
[0111] In the following Step 430, it is determined how 

55 close the actual estimated body deceleration dVB has 
approached to the target value based on the estimated 
body deceleration dVB2 and the M/C pressure PM2 
which are the second filtered values. That is, it is deter- 
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mined whether or not the estimated body deceleration 
dVB2 < (M/C pressure PM2 X B). It is noted that B is a 
constant value. Because the M/C pressure PM2 is a val- 
ue indicative of that how strong the brake pedal 103 is 
being depressed, it indicates a target deceleration indi- 
rectly. Accordingly, when the estimated body decelera- 
tion dVB2 is smaller than the (M/C pressure PM2 X B), 
the body deceleration dVB is not so large. Therefore, 
pressure amplifying brake assist control must be con- 
tinued. 

[0112] When it is determined to be Yes here, the pres- 
sure amplifying brake assist control is continued as it is 
and when it is determined to be No on the other hand, 
the processing advances to Step 440. Because it has 
been determined that the estimated body deceleration 
dVB2 is greater than the (M/C pressure PM2 X B) and 
therefore it can be considered that the body deceleration 
is relatively large in Step 430, the processing for turning 
off and closing the SRC valves 134 and 135 is carried 
out in order to reduce the body deceleration dVB in Step 
440. That is, when the SRC valves 134 and 135 are 
closed, the degree of the amplification of the pressure 
by the pumps 1 38 and 1 39 is weakened, so that the body 
deceleration may be reduced. The processing corre- 
sponds to control for maintaining the W/C pressure as 
a matter of fact. 

[0113] In the following Step 450, it is determined how 
close the actual estimated body deceleration dVB has 
approached to the target value based on the estimated 
body deceleration dVB2 and the M/C pressure PM2 
which are the second filtered values. That is, it is deter- 
mined whether or not the estimated body deceleration 
dVB2 < (M/C pressure PM2 X C). It is noted that C is a 
constant (B < C). Because the M/C pressure PM2 is a 
value indicative of that how strong the brake pedal 103 
is being depressed, it indicates a target deceleration in- 
directly as described above. Accordingly, when the es- 
timated body deceleration dVB2 is smaller than the (M/ 
C pressure PM2 X C), it indicates that although the body 
deceleration may be greater than the case when it has 
been determined to be Yes in Step 430 described above, 
it is smaller than the target deceleration, indicating that 
the SRC valves 134 and 135 should be continuously 
closed. When it is determined to be Yes here, the state 
in which only the SRC valves 1 34 and 1 35 are turned 
off is continued as it is and when it is determined to be 
No on the other hand, the processing advances to Step 
460. 

[0114] In Step 460, because it has been determined 
in Step 450 that the estimated body deceleration dVB2 
is greater than the (M/C pressure PM2 X C) and it can 
be considered that the body deceleration is too large, 
the processing for turning off and opening the SMC 
valves 1 31 and 1 32 is carried out in order to reduce the 
body deceleration further. That is, when the SMC valves 
1 31 and 1 32 are opened, the degree of the amplification 
of the pressure by the hydraulic pumps 138 and 139 is 
weakened further, so that the body deceleration may be 



reduced further. The processing corresponds to the.W/ 
C pressure reducing control as a matter of fact. 
[0115] In brake assist control for compensating the 
failure of the brake booster 102, the W/C pressure is 

5 reduced when the estimated body deceleration dVB ex- 
ceeds the second reference value H2, the W/C pressure 
is maintained when it is less than the second reference 
value H2 and is more than the first reference value H1 , 
and the W/C pressure is increased when it is less than 

10 the first reference value H1 . Therefore, when the normal 
(first) filter shown in FIG. 8B is used, i.e. the estimated 
body deceleration dVBI (and the corresponding M/C 
pressure PM1) which is the first filtered value is used, 
in the above-mentioned pressure amplifying brake as- 

15 sist control for compensating the failure of the brake 
booster 102, the unnecessary increase/decrease of the 
W/C pressure is made as shown in FIG. 12A. 
[0116] When the second filter shown in FIG. 8C is 
used, i.e. when the estimated body deceleration dVB2 

20 (and the corresponding M/C pressure PM2) which is the 
second filtered value is used, on the other hand, the un- 
necessary increase/decrease of the pressure is less 
made as shown in FIG. 12B when brake assist control 
is similarly carried out based on the first and second ref- 

25 erence values H1 and H2, allowing to obtain a prefera- 
ble braking performance. 

[0117] It is noted that the present invention is not lim- 
ited to the above-mentioned sixth embodiment and it 
may be modified in various ways within the scope of the 

30 appended claims. 

[0118] For instance, three filters may be utilized. A 
first filter smoothens the variations of individual data of 
a signal most. A second filter smoothens them interme- 
diately. A third filter smoothens them least. The filtered 

35 value which is filter-processed by the first filter is used 
for brake assist control for compensating the failure of 
the brake booster 102. The filtered value which is filter- 
processed by the second filter is used for ABS control 
and turn tracing control. And the filtered value which is 

40 filter-processed by the third filter is used for brake assist 
control for the panic braking. It is because brake assist 
control for the panic braking has to be started (increase 
the wheel cylinder pressure) as soon as possible, com- 
pared to the adjustment (increase) of the wheel cylinder 

45 pressure during ABS control and turn tracing control. 
Further, because the quick response during brake assist 
control for the failure of the brake booster increases the 
unnecessary pressure increasing/reducing operation 
for the wheel cylinder pressure, vibrations of the pedal 

so occur thereby giving a bad pedal feeling to the driver. 
[011 9] The fine filter having the property in which var- 
iations of individual data of a signal is less reflected in 
the resultant filtered value can be realized by the follow- 
ing methods (F) to (I). 

55 

(F) The fine filter can be obtained by narrowing a 
frequency band (frequency width) of a band-pass 
filter when each sensor output signal or a computed 
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value by the CPU passes through the band-pass 
filter. 

(G) When the CPU carries out the calculation for 
the filter processing and a filtered value of the nor- 
mal filter is calculated by putting a first predeter- 
mined weight (for example 90%) to a previous fil- 
tered value and a second predetermined weight (for 
example 10%) to a value based on the sensor out- 
put signal at present, variations of the sensor output 
signal may be smoothened and the fine filter can be 
realized by putting a larger weight (for example 
95%) than the first predetermined weight to the pre- 
vious filtered value and a smaller weight (for exam- 
ple 5%) than the second predetermined weight to 
the value based on the sensor output signal at 
present in the filter processing. 

(H) When a low-pass filter is used, the cut-off fre- 
quency thereof is lowered to get the fine filter. 

(I) When the CPU carries out the calculation for the 
filter processing and a filtered value of the normal 
filter is calculated by averaging one previous filtered 
value and a value based on a sensor output signal 
at present, the fine filter can be realized by averag- 
ing, for example, six past filtered values up to the 
previous one and the value based on the sensor 
output signal at present so as to increase data to 
be averaged. 

[0120] It is noted that the methods (F) through (I) are 
implemented inversely when a filter having the property 
in which the variations of individual data in a signal is 
smoothened in a lesser extent it to be realized. 
[0121] Further, when the pressure amplifying device 
(increasing device) is driven in response to the determi- 
nation that the brake booster fails in the first embodi- 
ment to the fifth embodiment, brake assist control de- 
scribed with reference to the flow chart in FIG. 11 may 
be carried out. 



Claims 

1 . A vehicular brake system, comprising: 

a brake control member (103) which is control- 
led by a driver to apply a brake to a vehicle; 
a brake fluid pressure generating device (101) 
for generating a brake fluid pressure in re- 
sponse to an operating state of said brake con- 
trol member; 

a wheel braking force generating device (115 
to 1 1 8) for generating a wheel braking force by 
receiving the brake fluid pressure from said 
brake fluid pressure generating device; 
a main conduit (1 45a, 1 45b) for communicating 
said brake fluid pressure generating device 
with said wheel braking force generating de- 
vice; 



a wheel slippage control device (121 to 128, 

138, 139, 150) for controlling slippage of a 
wheel; and 

a brake assist control device (134, 135, 138, 
5 1 39, 1 42, 1 43, 1 50) for generating a brake fluid 

pressure which exhibits a wheel braking force 
greater than a wheel braking force correspond- 
ing to said operating state of said brake control 
member and controlling brake fluid pressure 
io applied to said wheel braking force generating 

device by use of said brake fluid pressure gen- 
erated; characterized by 
a first filter (1 50, step 220) having a property in 
which variations of individual data of a data sig- 
15 nal is reflected in a resultant filtered value to 

some extent, said first filter carrying out filter- 
processing with respect to a predetermined da- 
ta signal utilized for performing wheel slippage 
control; and 

20 a second filter (1 50, step 230) having a property 

in which variations of individual data of a data 
signal is less reflected in a resultant filtered val- 
ue than said first filter, said second filter carry- 
ing out filter processing with respect to a pre- 

^5 determined data signal utilized for performing 

brake assist control. 

2. A vehicular brake system, comprising: 

30 a brake control member (1 03) which is control- 

led by a driver to apply a brake to a vehicle; 
a brake fluid pressure generating device (101) 
for generating a brake fluid pressure in re- 
sponse to an operating state of said brake con- 

35 trol member; 

a wheel braking force generating device (115 
to 118) for generating a wheel braking force by 
receiving the brake fluid pressure from said 
brake fluid pressure generating device; 

40 a main conduit (1 45a, 1 45b) for communicating 

said brake fluid pressure generating device 
with said wheel braking force generating de- 
vice; 

a wheel slippage control device (121 to 128, 
45 1 38, 1 39, 1 50) for controlling a wheel slippage 

state; and 

a brake assist control device (134, 135, 138, 

139, 142, 143, 150) for generating a brake fluid 
pressure which exhibits a wheel braking force 

50 greater than a wheel braking force correspond- 

ing to said operating state of said brake control 
member and controlling brake fluid pressure 
applied to said wheel braking force generating 
device by use of said brake fluid pressure gen- 

55 erated; characterized by 

a first filter (150, step 220) having a property in 
which variations of individual data of a data sig- 
nal is reflected in a resultant filtered value to 
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some extent, said first filter carrying out filter- 
processing with respect to a data signal indicat- 
ing a vehicle body deceleration utilized for per- 
forming wheel slippage control; and 
asecondfilter(150, step 230) having a property 5 
in which variations of individual data of a data 
signal is less reflected in a resultant filtered val- 
ue than said first filter, said second filter carry- 
ing out filter processing with respect to said da- 
ta signal indicating said veh icle body decelera- io 
tion utilized for performing brake assist control. 

3. A vehicular brake system, comprising: 

a brake control member (103) which is control- 15 
led by a driver to apply a brake to a vehicle; 
a brake fluid pressure generating device (1 01 ) 
for generating a brake fluid pressure in re- 
sponse to an operating state of said brake con- 
trol member; 20 
a wheel braking force generating device (115 
to 118) for generating a wheel braking force by 
receiving the brake fluid pressure from said 
brake fluid pressure generating device; 
a main conduit (145a, 1 45b) for communicating 25 
said brake fluid pressure generating device 
with said wheel braking force generating de- 
vice; and 

a turn tracing control (121 to 128, 131, 132, 
134, 135, 138, 139, 150)device for controlling 30 
a turning behavior of a vehicle; 
a brake assist control device (134, 135, 138, 
139, 142, 143, 150) for generating a brake fluid 
pressure which exhibits a wheel braking force 
greater than a wheel braking force correspond- 35 
fng to said operating state of said brake control 
member and controlling brake fluid pressure 
applied to said wheel braking force generating 
device by use of said brake fluid pressure gen- 
erated; characterized by 40 
a first filter (1 50, step 220) having a property in 
which variations of individual data of a data sig- 
nal is reflected in a resultant filtered value to 
some extent, said first filter carrying out filter- 
processing with respect to a data signal indicat- 45 
ing a vehicle body deceleration which is one of 
data signals utilized for performing turn tracing 
control; and 

a second filter (1 50, step 230) having a property 
in which variations of individual data of a data so 
signal is less reflected in a resultant filtered val- 
ue than said first filter, said second filter carry- 
ing out filter processing with respect to said da- 
ta signal indicating said vehicle body decelera- 
tion utilized for performing brake assist control. 55 

4. A vehicular brake system, comprising: 



a brake control member (103) which is control- 
led by a driver to apply a brake to a vehicle; 
a brake fluid pressure generating device (101) 
for generating a brake fluid pressure in re- 
sponse to an operating state of said brake con- 
trol member; 

a wheel braking force generating device (115 
to 118) for generating a wheel braking force by 
receiving the brake fluid pressure from said 
brake fluid pressure generating device; 
a main conduit (1 45a, 1 45b) for communicating 
said brake fluid pressure generating device 
with said wheel braking force generating de- 
vice; 

a brake booster (102) for boosting an operating 
force applied to said brake control member by 
said driver and transmitting a boosted operat- 
ing force to said brake fluid pressure generating 
device; 

a brake assist control device (134, 135, 138, 
139, 142, 143, 150) for carrying out first brake 
assist control by generating a brake fluid pres- 
sure higher than the brake fluid pressure gen- 
erated by said brake fluid pressure generating 
device in response to said operating state of 
said brake control member and increasing 
brake fluid pressure applied to said wheel brak- 
ing force generating device by use of said brake 
fluid pressure generated when a panic braking 
operation is made by the driver and for carrying 
out second brake assist control by generating 
a brake fluid pressure higher than the brake flu- 
id pressure generated by said brake fluid pres- 
sure generating device in response to said op- 
erating state of said brake control member and 
increasing brake fluid pressure applied to said 
wheel braking force generating device by use 
of said brake fluid pressure generated when 
said brake booster fails or its function deterio- 
rates; characterized by 

a first filter (150, step 220) having a property in 
which variations of individual data of a data sig- 
nal is reflected in a resultant filtered value to 
some extent, said first filter carrying out filter- 
processing with respect to a predetermined da- 
ta signal utilized for performing first brake assist 
control; and 

a second filter (1 50, step 230) having a property 
in which variations of individual data of a data 
signal is less reflected in a resultant filtered val- 
ue than said first filter, said second filter carry- 
ing out filter processing with respect to said pre- 
determined data signal utilized for performing 
second brake assist control. 

5. The vehicular brake system according to Claim 4, 
wherein said predetermined data signal is a signal 
indicating a master cylinder pressure. 
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